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Drag of Blunt Bodies and Streamlined Bodies 

A body moving through a fluid experiences a drag force, which is usually divided into two 
components: frictional drag, and pressure drag. Frictional drag comes from friction between 
the fluid and the surfaces over which it is flowing. This friction is associated with the 
development of boundary layers, and it scales with Reynolds number as we have seen above. 
Pressure drag comes from the eddying motions that are set up in the fluid by the passage of 
the body. This drag is associated with the formation of a wake, which can be readily seen 
behind a passing boat, and it is usually less sensitive to Reynolds number than the frictional 
drag. Formally, both types of drag are due to viscosity (if the body was moving through an an 
inviscid fluid there would be no drag at all), but the distinction is useful because the two types 
of drag are due to different flow phenomena. Frictional drag is important for attached flows 
(that is, there is no separation), and it is related to the surface area exposed to the flow. 
Pressure drag is important for separated flows, and it is related to the cross-sectional area of 
the body. 

We can see the role played by friction drag (sometimes called viscous drag) and pressure drag 
(sometimes called form drag or profile drag) by considering an airfoil at different angles of 
attack. At small angles of attack , the boundary layers on the top and bottom surface 
experience only mild pressure gradients, and they remain attached along almost the entire 
chord length. The wake is very small, and the drag is dominated by the viscous friction inside 
the boundary layers. However, as the angle of attack increases , the pressure gradients on the 
airfoil increase in magnitude. In particular, the adverse pressure gradient on the top rear 
portion of the airfoil may become sufficiently strong to produce a separated flow. This 
separation will increase the size of the wake, and the pressure losses in the wake due to eddy 
formation Therefore the pressure drag increases. At a higher angle of attack, a large fraction of 
the flow over the top surface of the airfoil may be separated, and the airfoil is said to be stalled. 
At this stage, the pressure drag is much greater than the viscous drag . 

When the drag is dominated by viscous drag, we say the body is streamlined, and when it is 
dominated by pressure drag, we say the body is bluff. Whether the flow is viscous-drag 
dominated or pressure-drag dominated depends entirely on the shape of the body. A 
streamlined body looks like a fish, or an airfoil at small angles of attack, whereas a bluff body 
looks like a brick, a cylinder, or an airfoil at large angles of attack. For streamlined bodies, 
frictional drag is the dominant source of air resistance. For a bluff body, the dominant source of 
drag is pressure drag. For a given frontal area and velocity, a streamlined body will always 
have a lower resistance than a bluff body. For example, the drag of a cylinder of diameter $D$ 
can be ten times larger than a streamlined shape with the same thickness (see figure 1). 


Figure 1. Drag coefficients of blunt and 
streamlined bodies. 
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Cylinders and spheres are considered bluff bodies because at large Reynolds numbers the 
drag is dominated by the pressure losses in the wake. The variation of the drag coefficient with 
Reynolds number is shown in figure 2, and the corresponding flow patterns are shown in figure 
3. We see that as the Reynolds number increases the variation in the drag coefficient (based 
on cross-sectional area) decreases, and over a large range in Reynolds number it is nearly 
constant. 



Figure 2. Drag coefficient as a 
function of Reynolds number for 
smooth circular cylinders and 
smooth spheres. 
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Figure 3. Flow patterns for flow over a cylinder: (A) 
Reynolds number = 0.2; (B) 12; (C) 120; (D) 30,000; 
(E) 500,000. Patterns correspond to the points 
marked on figure 2. 
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At a Reynolds number between 10 A 5 and 10 A 6, the drag coefficient takes a sudden dip. The 
size of the wake decreases, indicating that the boundary layer separation on the cylinder or 
sphere occurs further along the surface than before. What has happened? The phenomenon is 
related to the differences between laminar and turbulent boundary layer. The boundary layer 
and its interaction with the local pressure gradient plays a major role in affecting the flow over 
a cylinder. In particular, near the shoulder, the pressure gradient changes from being negative 
(decreasing pressure) to positive (increasing pressure). The force due to pressure differences 
changes sign from being an accelerating force to being a retarding force. In response, the flow 
slows down. However, the fluid in the boundary layer has already given up some momentum 
because of viscous losses and viscous friction, and it does not have enough momentum to 
overcome the retarding force. Some fluid near the wall actually reverses direction, and the flow 
separates. 

A laminar boundary layer has less momentum near the wall than a turbulent boundary layer, 
as shown in figure 4, because turbulence is a very effective mixing process. More importantly, 
turbulent transport of momentum is very effective at replenishing the near-wall momentum. So 
when a turbulent boundary layer enters a region of adverse pressure gradient, it can persist for 
a longer distance without separating (compared to a laminar flow) because the momentum 
near the wall is higher to begin with, and it is continually (and quickly) being replenished by 
turbulent mixing . 



Figure 4. Boundary layer profiles for laminar and 
turbulent flow. 
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The boundary layer over the front face of a sphere or cylinder is laminar at lower Reynolds 
numbers, and turbulent at higher Reynolds numbers. When it is laminar (Re < 10 A 5), 
separation starts almost as soon as the pressure gradient becomes adverse (very near the 
shoulder, figure 3D), and a large wake forms. When it is turbulent (Re > 10 A 6), separation is 
delayed (to a point about 20 A o past the shoulder, figure 3E) and the wake is correspondingly 
smaller. 

It follows that, if the boundary layer of a sphere can be made turbulent at a lower Reynolds 
number, then the drag should also go down at that Reynolds number. This is the case, as we 
can show by using a trip wire. A trip wire is simply a wire located on the front face of the 
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sphere and it introduces a large disturbance into the boundary layer. This disturbance causes 
an early transition to turbulence, and it effect on the size of the wake, and the total drag is quite 
dramatic, as shown in figure 5 . 



Figure 5. Flow over a sphere: (a) 
Reynolds number = 15,000; (b) 
Reynolds number = 30,000, with 
trip wire. 


• Return to Aerodynamics of Bicycles Introduction . 
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1. Vortex shedding past square cylinder -- Experiments by Lvn 

Vortex shedding past square cylinder -- Experiments by Lyn Description Measurements in the flow 
past a square cylinder. Re=2.2xl0 Measurement techniques Velocities measured using Laser Doppler 
Anemometry (LDA). Available measurements References LYN 
vortex, mech. surrey, ac. uk 


2. Vortex Shedding Animation 

Vortex Shedding Animation - Navigator - Home Page About the school Admissions Research Teaching 
and Learning People Newsletter Positions Available Events Search The simulation shows vortex 
shedding behind a conical mountain for a flow whose n 
www. env. leeds. ac. uk 
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2FVpVzqqtS3XLuS3IOK]04DAfgvvUiNBV79Ds51g57%2BMrLc3T%2F%2FllGVIleVOPMuW% 
2FesrZVUNlHwHxZbbeQg%3D%3D 

Vortex Shedding Past a Square Cylinder This numerical experiment describes a turbulent flow past a 
square cylinder at Re = 22000 and Mach = 0.1 . The computation has been carried out on an 
unstructured mesh with 15000 nodes. The Von Karmann str 
caswww. Colorado, edu 

4. Fluent NEWS - Fall 1999 - Vortex Shedding over a Wired Cylinder Using LES 

Visit www.fluent.com for the latest news, the hottest CFD software products, consulting services and 
technical support from Fluent, Inc -- the world leader in computational fluid dynamics. This page 
contains this information: Fluent NEWS Fall 1999 V 
www.fluent.com 


5. Vortex shedding 

Return to Mr Oldroyd's page - Dr Scanlon's Full List of Departmental Projects A059 - for session 99/00 
COMPUTATIONAL AND EXPERIMENTAL PREDICTION OF VORTEX SHEDDING FACILITIES: Wind tunnel 
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1. The Navier-Stokes equation 
The Navier-Stokes equation 
astron. berkeley. edu 

2. The Navier-Stokes Equation 
The Navier-Stokes Equation 
www.ph.ed.ac.uk 

3. ACM Digital Library: Stable fluids 

International Conference on Computer Graphics and Interactive Techniques Proceedings of the 
SIGGRAPH 1999 annual conference on Computer graphics August 8 - 13, 1999, Los Angeles, CA USA 
Stable fluids Pages 121-128 Jos 
www.acm.org 

4. The Navier-Stokes Equation of Motion 

Next: Boundary and Initial Up: List of Tables Previous: The Viscous Force The Navier-Stokes Equation 
of Motion Having found the viscous force per unit volume, in equation 6.10, we may divide it by to 
obtain the viscous force per unit mass and add 
www. mas. net. ac. uk 

5. The stress tensor and the Navier-Stokes equation 
The stress tensor and the Navier-Stokes equation 
www.phys. Virginia, edu 


6. Ch. 8 Equation de NAVIER-STOKES et dissipation d'enerqie 

Ch. 8 Equation de NAVIER-STOKES et dissipation d'^nergie 14/11/00 Cliquez ici pour demarrer Table 
des matures Ch. 8 Equation de NAVIER-STOKES et dissipation d'^nergie Diapositive PPT 
Ex. simulation de l'6coulement dans une pompe venturi Claude-Loui 
www. term. ucl. ac. be 
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1. Flow past a cylinder 
Flow past a cylinder 
astron. berkeley. edu 

2. PreStaqe.Com - Air Flow Research Cylinder Heads 

PreStage.Com Drag Racing Resources - We have a variety of databases, utilities, programs, car math 
calculators, message boards, and more for drag racers and Muscle Car enthusiasts. 
www.prestage. com 

3. Aerodynamic Drag at High Speeds 
Aerodynamic Drag 

www. aerodyn. org 

4. Handout #5 : Incompressible Flow over a Circular Cylinder 

CE/ME lOlabc Handout #5 : Incompressible Flow over a Circular Cylinder Clickable Graph 
Instructions: Click on the green dots to see flow visualizations (photos from An Album of Fluid Motion, 
by Milton Van Dyke, Parabolic Press 1982 ) Drag versus Re 
green, caltech. edu 

5. Drag and D'Alembert's "paradox" 
Drag and D'Alembert's 
www.phys. Virginia, edu 

6. Flow Over a Circular Cylinder 

Turbulent Wake Flow Behind a Circular Cylinder Introduction Background Flow separation Wake Vortex 
shedding Vortex-induced vibrations Aerodynamic loading Momentum balance PIV technique CCD 
technology Animated vortex shedding sequenc 
www. eng. fsu. edu 

7. Convective Heat Transfer in a Laminar Flow Past a Hot Cylinder 

Convective Heat Transfer in a Laminar Flow Past a Hot Cylinder Gorea, Adrian and Berker, Berna 
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1. Grenzfl, mater.: titles per sub-domain 

Titles by topic of sub-domain 8: friction / wear / AFM AFM (1994) Preparation of Thin Alox (O-Less- 
Than-or-Equal-to-X-Less-Than-or- Equal-to-1.5) Films on Gold and Polycarbonate Characterized by 
XPS, EPMA, AFM and TEM (1994) In-Situ Measurement of S 
www. cwts. leidenuniv. nl 
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Industrial Coating capabilities include Thermal Barrier Coating and electrostatic coating capabilities for 
you next gas or Steam Turbine Overhaul. Turbine Coating consultation is available. 
www.calltru.com 


3. KEN-SEAL II Resilient-Wedge Valves 
Features and Benefits. 
www. kennedyvalve. com 


4. Dixon Industries is a Licenced Industrial Applicator of the Du Pont TEFLON range of finishes 
Dixon Industries provide a comprehensive Teflon® coating service. The company is one of only 2 
Licenced Industrial Applicators in Australia. Click here to see the 7 properties of "Teflon". Click here to 
contact Dixon 
www. dixonind. com. au 


5. Powder R&D Newsletter 

The Role of Additives in Powder Coatings ...continued from homepage Exterior Durability Additives to 
improve exterior durability are one of the few classes of materials that func 
www. ippmagazine. com 
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1. Swain Technology, Inc. Coatings - Price List 

[HOME] [INDUSTRY] [AUTO/RACING] [NEWS LETTER] [PRICE LIST] [E-MAIL] [INDEX] [LINKS] PRICE 
LIST Power CoatingsaPISTONS - TBCa Thermal Barrier Coating(TBC), GoldCoat(GC), Poly-Moly(PM) 
and PC-9 Low Friction Coating (Including Stealth Coatings)ORDER FO 
www.swaintech. com 

2. DuPont Teflon® Low Friction, Non-Stick, Chemical Re - Stone, E. L. Co., Inc. 

DuPont Teflon® Low Friction, Non-Stick, Chemical Resistant Coatings Ind. Application Service, Stone, 
E. L. Co., Inc. 
thomasregional. com 

3. Performance Coatings, Inc. - specialists in ceramic header coatings and perform ance engine 
coatings 

the northwest's most experienced specialists in ceramic, headers, heat, thermal, coatings, piston 
coating, plating, horsepower, motorcycles, aircraft, automobiles, aiuminizing, powdercoating, engine, 
jet hot, hpc, airborne coatings, goldcoast coatin 
www.performancecoatings. com 

4. A to Z of Coating Terms 

World leaders in Surface Engineering with coatings and surface treatments to reduce wear, friction 
and corrosion. Specialising in electroplating, anodising, electroless nickel, thermal spraying and 
polymer coatings, we offer a world-wide service 
www.poeton. co.uk 

5. The Society of Rheologv: 70th Annual Meeting (Oct 1998) List Papers in a Session 

70th Annual Meeting (Oct 1998) List Papers in a Session Session Please Select a Session Extensional 
and Elongational Flow Rheology and Microstructure of Electro and Magneto-Rheological Fluids 
Viscoelastic Processing Flows: Theory and Experiment Anal 
www. rheology. org 
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